Cdk5 and Abl enzyme substrate (Cables) 1 is adaptor protein to link cyclin-dependent kinase (Cdks) with nonreceptor tyrosine kinases and regulate the activity of Cdks by enhancing their Y15 phosphorylation. The emerging evidences also show Cables1 can interact with p53 family proteins, 14-3-3, β-catenin and so on, suggesting Cables1 may be a signaling hub to regulate cell growth. Abnormal expression of Cables1 has been observed in multiple types of cancers and other disease. In this review, we summarize the characteristics of Cables1, and highlight the molecular mechanisms through which Cables1 regulates the development of cancer and other disease. Finally, we discuss the future challenges to demonstrate the role and potential application of Cables1 in cancer and other disease.
Introduction
Cables1 (Cdk5 and Abl enzyme substrate 1), also named as ik3-1, is initially identified as a novel cyclin-dependent kinase (Cdk)-binding protein to connect Cdks (Cdk2, Cdk3 and Cdk5) and nonreceptor tyrosine kinases (Abl and Wee1) and regulate the activity of Cdks by enhancing their Y15 phosphorylation. In neurons, Cables1 promotes Abl to phosphorylate Cdk5 at Y15, leading to an increase of Cdk5 kinase activity and outgrowth of neurite . In the proliferating cells, Cables1 enhances Wee1 to phosphorylate Cdk5 at Y15, resulting in a decrease of Cdk2 kinase activity and inhibition of cell proliferation (Wu et al., 2001 ). The mRNA expression of Cables1 among adult mouse tissues is highest in brain, and also present in lung liver and kidney, but almost undetectable in heart, spleen, smooth muscle and testis . It is now increasingly apparent that Cables1 has crucial roles in the development of both tumor and neuron. The differential interaction of Cables1 with p53 family proteins including p53, p63 and p73 makes Cables1 as multi-faceted regulator of cell death (Tsuji et al., 2002; Wang et al., 2010) . The observation of high frequent Cables1 loss in multiple types of cancers and increased incidence of endometrial cancer in Cables1 -/-mice intensively indicates that Cables1 may have a suppressive effect on tumorigenesis (Dong et al., 2003; Park do et al., 2007; Tan et al., 2003; Zukerberg et al., 2004) . Recently, our work reveals a novel tumor suppressor function of Cables1 by antagonizing proteasome subunit alpha type 3 (PSMA3) to increase the stability of cell cycle regulator p21 proteins (Shi et al., 2015a) .
Besides, we have showed a dynamic regulatory system by which activated Akt is able to phosphorylate Cables1 and recruit 14-3-3 to neutralize the tumor suppressor function of Cables1, suggesting the Akt/Cables1 interface may represent a novel anticancer target for This article has not been copyedited and formatted. The final version may differ from this version. potential therapeutic interventions (Shi et al., 2015b) . As shown in the history of Cables1 ( Fig.   1 ), much work has been done to explore the biological function of Cables1 in the physiological and pathological conditions over the past decade. Here, we reviewed a comprehensive summary of the role of Cables1 in cancer and other diseases.
The characteristics of Cables1
Human Cables1 gene is located on 18q11.2-12.1 (Matsuoka et al., 2000; Wu et al., 2001; Zukerberg et al., 2000) . The loss or deletion of the chromosome 18q, where previously characterized putative tumor suppressor genes DCC, Smad2, and Smad4 are located, is one of the common chromosomal abnormalities in various types of cancers including colorectal cancer, ovarian cancer, lung cancer and endometrial cancer, etc. (Bonifant and Waldman, 2005; Morin, 2008; Park et al., 2007; Tan et al., 2003) . Human Cables1 gene encodes a 633 amino acid protein, predominantly localizing in the nucleus (Wu et al., 2001 ). There are three classic nuclear localization signals composed of three basic amino acids and either histidine or proline at amino acid positions 48, 54, and 406 of Cables1 protein (Christie et al., 2016; Hicks and Raikhel, 1995; Wu et al., 2001 ). Cables1 protein also has six minimal SH3 domain binding motifs, and two of which contain additional proline residues (PPXP and PXPP) in the N-terminal of the protein with good potential for binding to the SH3 domain of the c-Abl and c-Src (Fig 2. A) (Cicchetti et al., 1992; Dai and Pendergast, 1995; Ren et al., 1993; Shi et al., 1995; Zukerberg et al., 2000) . In addition, Cables1 contains two tyrosine-based sorting motifs (YXXLE), which are important in axonal growth cone sorting . The N-terminal 98 amino acid region of Cables1 is necessary for Cables1-Trap interaction (Yamochi et al., 2001a) . The C-terminal of Cables1 has a cyclin-like domain, which is a key genes in in endometrial and colon cancers (Zhang et al., 2005) . Knockout Cables1 in mice leads to an increased incidence of endometrial cancer and a reduced survival rate after unopposed estrogen treatment and an increased incidence of colorectal cancer caused by 1,2 -dimethylhydrazine ( Kirley et al., 2005a; Zukerberg et al., 2004) . MEFs isolated from these Cables -/-mice show an increased rate of growth, delayed onset of senescence and decreased serum dependence (Kirley et al., 2005b Mechanistically, Cables1 can promote the binding and phosphorylation of Wee1 to Cdk2 (Wu et al., 2001 ). Cdk2 is a small serine/threonine kinase that regulates cell cycle progression, and its activity is tightly controlled by phosphorylation (Elledge et al., 1992; Hirai et al., 1992; Pagano et al., 1993) . Wee1 phosphorylates Cdk2 at Y15, leading to inhibition of Cdk2 activity (Parsons, 1998; Wroble et al., 2007) . Therefore, Cables1 can inhibit the proliferating cell growth via enhancing Cdk2 Y15 phosphorylation by Wee1 (Wu et al., 2001) , which contributes to its tumor suppressor function. Cables1 also binds with p53 family proteins, including p53, p63 and p73, which plays critical role in tumorigenesis ((Botchkarev and Flores, 2014; Irwin and Kaelin, 2001; Orzol et al., 2015) . In osteosarcoma cells U2OS, ectopically expressed Cables1 potentiates p53-induced cell death but not p73-induced cell death, and coexpression of Cables1 deletion mutant lacking cyclin-like domain inhibits p73-induced cell death but not p53-induced cell death (Tsuji et al., 2002 ). Cables1 interacts with p63 to protect it from proteasomal degradation, promoting cell death after genotoxic stress (Wang et al., 2010) .
Recently, we identified a novel function of Cables1 as tumor suppressor by controlling the This article has not been copyedited and formatted. The final version may differ from this version. protein stability of cyclin-dependent kinase inhibitor 1A (CDKN1A, also known as p21/Cip1) (Shi et al., 2015a) . Our data show that Cables1 competes with PSMA3 to bind p21 and protects it from PSMA3-mediated proteasomal degradation, and the expression level of Cables1 is correlated with that of p21 in human lung cancer tissues (Shi et al., 2015a) . Additionally, we found a phosphorylation-dependent and 14-3-3-mediated mechanism to regulate the tumor suppressor function of Cables1 (Shi et al., 2015b) . Akt directly interacts with and phosphorylates Cables1 to recruits 14-3-3 to the complex, and activated Akt is able to prevent cell apoptosis induced by Cables1 (Shi et al., 2015b) .
The role of Cables1 in the other diseases
In the nervous system, Cdk5 and c-Abl play pivotal role during development of neuron 
Future prospects
The growing understanding of Cables1 functions has already led to the generation of signaling pathways of Cables1 (Fig. 3) . The interaction network of Cables1 with Cdks, p53 family proteins, 14-3-3 and β-catenin, etc indicates Cables1 as a signaling hub to regulate cell cycle, cell growth and cell death (Fig. 4) . However, there is much left to address. How is Cables1 This article has not been copyedited and formatted. The final version may differ from this version. This article has not been copyedited and formatted. The final version may differ from this version. 
